Background People with comorbid mental and physical illness (PI) experience worse health, inadequate care and increased mortality relative to those without mental illness (MI). The role of gender in this relationship is not fully understood. This study examined gender differences in onset of mental health service usage among people with physical illness (COPD, asthma, hypertension and type II diabetes) compared with a control cohort. Methods We used a unique linked dataset consisting of the 2000-2001 Canadian Community Health Survey and medical records (n=17 050) to examine risk of onset of MI among those with and without PI among Ontario residents (18-74 years old) over a 10-year period (2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011). Adjusted COX proportional survival analysis was conducted. Results Unadjusted use of MI medical services in the PI cohort was 55.6% among women and 44.7% ( p=0.0001) among men; among controls 48.1% of the women and 36.7% of the men used MI medical services ( p=0.0001). The relative risk of usage among women in the PI group relative to controls was 1.16. Among men, the relative risk was 1.22. Women were 1.45 times more likely to use MI medical services relative to men (HR=1.45, CI 1.35 to 1.55). Respondents in the PI cohort were 1.32 times more likely to use MI medical services (HR=1.32, CI 1.23 to 1.42) relative to controls. Women in the PI cohort used MI medical services 6.4 months earlier than PI males ( p=0.0059). In the adjusted model, women with PI were most likely to use MI medical services, followed by women controls, men with PI and men controls. There was no significant interaction between gender and PI cohort. Conclusions Further, gender-based research focusing on onset of usage of MI services among those with and without chronic health problems will enable better understanding of gender-based health disparities to improve healthcare quality, delivery and public health policy.
INTRODUCTION
Chronic diseases represent the leading cause of death and disability and a major challenge facing today's healthcare system. 1 Approximately half of Canadians and Americans suffer from a chronic illness. 1 2 Comorbidity of chronic diseases is increasingly common among adults and is more prevalent with advancing age. For example, 13% of Canadians aged 20-39 years, 71% of those aged 60-79 years, and 82% of those 80 years and older, report multiple health problems. 3 Individuals with comorbid mental and physical illness experience worse outcomes, inadequate care and increased mortality relative to those without mental illness. [4] [5] [6] Mental disorder is elevated in people with any chronic disease, [7] [8] [9] specifically among those with diabetes, 10 chronic obstructive pulmonary disorder (COPD), 11 and asthma. 12 Patten 13 found that the annual cumulative incidence of depression was higher among individuals with any long-term medical condition relative to those without such problems. Other research has found that patients with COPD were significantly more likely to be diagnosed with depression than people with diabetes or controls. 14 Various pathways between chronic pain and depression have been postulated. People with multiple pains experience more depression than those with a single pain source. 15 Pain can affect sleep patterns and increase emotional distress. The experience of frequent pain might also be a signal for depression. 16 Disability from chronic illness can also be a risk factor for depression. 17 Other debilitative effects of some illnesses (eg, changes in physical appearance, decreased functioning) can heighten the risk of depression. 7 18 These pathways may also differ depending on the type of physical illness experienced.
A small number of epidemiological studies have investigated gender differences in onset of mental illness secondary to a chronic physical illness. One study showed higher prevalence of mental disorder/ distress among women with chronic disease relative to men. 7 Schneider et al 19 found an increased risk of depression among patients with COPD. He also found that lifetime prevalence of depression was twofold among women compared to men. With COPD duration, this condition was further exacerbated in women. Moreover, his findings showed that more patients with depression and COPD died within a year of the index date; notably, the gender difference in mortality was greater among men. 19 A national health study on asthma showed that gender differences in depression decrease with advancing age, but depression remains higher among those with asthma relative to those without the illness. 8 Patten found that hypertension was associated with an elevated risk of depression, but only among men. 20 Given the equivocal nature of the findings, current evidence does not provide a clear picture of the gendered nature of the relationship between mental and physical disorders.
Using a unique dataset comprised of medical and national survey data, the primary objective of this cohort study was to examine: (1) whether gender was an important risk factor when considering whether those with baseline physical illness (PIasthma, chronic obstructive pulmonary disease, Open Access Scan to access more free content type II diabetes and hypertension) were more likely to use medical services for mental illness (MI) relative to a comparison group without baseline PI and (2) whether there are gender differences in onset of usage of medical services for MI.
METHODS
Ethical approval was obtained from St Michael's Hospital and Sunnybrook Health Sciences Centre Research Ethics Review Boards. The study was conducted in Ontario, Canada where there is universal medical coverage. All permanent residents of Ontario are eligible for healthcare without deductibles or copayments. 21 Adults were eligible for inclusion in this study if they had a valid health card number at the index date of the study (2000) (2001) and the date of death occurred after the study start date. The methodology adopted in this study is similarly described in a paper by the same research team in their investigation of the relationship between baseline MI and the onset of PI. 22 
Data sources
The Institute for Clinical Evaluative Sciences (ICES) provided the data for this study. Physical and mental health data and other health indicators were obtained from the Ontario Linking file of the Canadian Community Health Survey (CCHS) 1.1 (cycle [2000] [2001] . 23 The CCHS is a nationally representative and cross-sectional survey which collected data from noninstitutionalised Canadians over the age of 12 years. Respondents in the linking file agreed to have their responses linked to medical data for research purposes. The response rate was 82.0% (39 278), and 90.8% agreed to linkage; 92% of those who agreed were successfully linked providing a sample of 32 848. We excluded 5% of cases with missing values on variables other than income, and restricted the sample to those aged 18-74 years. The final sample was 17 050 (6213 in the physical illness cohort and 10 837 in the control cohort).
Supplementary mental and physical illness data were obtained from medical records. Ontario Health Insurance Plan (OHIP) data contains physician visits and procedure claims which include service and diagnostic codes, fees for service provided, and date of service. The Canadian Institutes for Health Information (CIHI) Discharge Abstract Database (DAD) contains up to 16 diagnoses and 12 procedures for acute care hospitalisations and day procedures across Ontario. The Ontario Mental Health Reporting System (OMHRS) provides data on patients in adult designated inpatient mental health beds, including beds in General, Provincial Psychiatric, and Specialty Psychiatric facilities. We determined eligibility for health services and death date from the Registered Person Data Base (RPDB); Ontario's healthcare registry that provides information on age, sex, postal code, eligibility and death data.
Physical illness cohort
The physical illness (PI) cohort was defined using the CCHS and medical records, and included respondents in the linked CCHS who self-reported at least one PI (asthma, COPD, hypertension, or type II diabetes). People not self-reporting PI, but who met the criteria for any of these conditions in the validated medical registries (eg, a respondent saw a physician for physical health reasons) were also included in the PI cohort (n=6213), and were subject to the same inclusion criteria as respondents in the CCHS. Similar to our previous study, 22 we used four disease-specific ICES-validated cohort databases to identify physical illness in the 10-year follow-up period.
Patient records for those with any of the four physical health diagnoses are retained in disease-specific registries at ICES.
People with asthma had one hospital admission or two OHIP claims with asthma diagnosis within 2 years (sensitivity: 84%; specificity: 76%). 24 Those with COPD had one COPD diagnosis in OHIP or CIHI-DAD (sensitivity: 85%; specificity: 78.4%). 25 Hypertensive patients had one hospital admission with a hypertension diagnosis, or an OHIP claim with a hypertension diagnosis followed within 2 years by either an OHIP claim or a hospital admission with a hypertension diagnosis (sensitivity: 72%; specificity: 95%). 26 People with type II diabetes had at least one hospitalisation or at least two claims for physicians' services within 2 years (sensitivity: 86%; specificity: 97%). 27 The administrative data was assessed for accuracy using abstracted medical records ( primary care charts). In the case of hypertension, additional validation was conducted using selfreported survey data from a national census.
To ensure that MI usage did not occur prior to or concurrently with PI, we excluded anyone with the following: (1) selfreported depression, (2) consulted a mental health professional, (3) felt they needed treatment for an emotional problem, but did not receive care, (4) who had physician or ER visits or hospitalisations for mental health reasons during the two years prior to the CCHS interview. In the CCHS, self-reported depression was assessed using the Composite International Diagnostic Interview Short Form for Major Depression (CIDI-SFMD). The CIDI-SF is a validated epidemiological tool to identify depression used in non-clinical settings. In this study, major depression was defined as those reporting four or more depressive symptoms; meaning that 81.25% of cases meeting these criteria would have major depression according to the full CIDI. 28 The prevalence of PI conditions in the CCHS was as follows: asthma (9.0%); COPD (4.2%); type II diabetes (5.5%); hypertension (16.6%).
A control cohort (n=10 837) included respondents who did not meet the criteria for inclusion in the PI cohort, and those who did not have a MI based on self-report and medical data.
Mental illness service usage
Onset of MI usage in the 10-year follow-period was defined using a combination of service and diagnostic codes used by Ontario physicians. When mental health services are provided, physicians may assign either a mental health-specific service code (when a visit exceeds 20 min in length) or a general service code (for shorter visits), which is a 3-digit shortened version of the codes provided in the International Classification of Diseases and reflects the most responsible reason for any visit. 29 30 Diagnostic codes for mental health usage were derived from a validation paper. 29 The list of conditions includes diagnostic codes for psychotic disorders, non-psychotic disorders (including anxiety and depression), substance abuse disorders and social problems. The study compared patient surveys and administrative claims, and established that claims data are reasonable to identify patients who had received mental healthcare (sensitivity: 80.7%; specificity: 90.7%). Mental illness usage was defined as at least one visit to a physician or specialist for mental health reasons. The event or first episode was defined as the first usage for any of the co-occurring health conditions in either OMHRS, OHIP or the DAD.
Health indicators
We controlled for several health indicators known to be associated with gender differences in health 31 32 : socioeconomic and demographic characteristics (highest level of education attainment, annual household income, age, marital status, ethnoracial origin); and health behaviours ( perceived stress and activity level, smoking and drinking status). Leisure-time physical activity was calculated based on the frequency and duration of each activity within the 3 months prior to being surveyed (energy expenditure-EE) and its value of metabolic energy cost. We used predefined categories from Statistics Canada for physically inactive, moderately active, and active, 23 combining moderately active and active for this analysis. Heavy drinking was defined as 14 plus weekly drinks for men and 10 plus weekly drinks for women. Current smokers were those who reported being daily or occasional smokers. Respondents were classified as having 'high and low stress' based on their responses to the question: 'Thinking about the amount of stress in your life, would you say that most days are (not at all stressful, not very stressful, a bit stressful, quite a bit stressful, or extremely stressful)?' High stress reflected responses of 'quite a bit stressful' or 'extremely stressful.' The remaining responses were considered 'low stress. ' We adjusted for disease comorbidity using three measures: restriction of activities, Resource Utilization Bands (RUBs) and Aggregated Diagnosis Groups (ADGs). RUBs and ADGs were generated using The Johns Hopkins Adjusted Clinical Groups (ACG) System and represent morbidity burden of populations. 33 RUBs are constructed using age, sex and mixtures of diagnoses associated with expected intensity of resource use with values categorised as low (0, 1), intermediate (2 and 3), and high (4, 5) burden of illness on the healthcare system. ADGs represent a collection of diagnostic codes similar in severity and expected persistence over time. ADGs reflect comorbidity and additional health burden on top of that reflected by RUBS and were categorised as low (0-1), moderate (2-5) and high . Both were calculated in the 2 years prior to the CCHS interview. Restriction of activities was self-reported: 'Do you have any difficulty hearing, seeing, communicating, walking, climbing stairs, bending, learning or doing any similar activities?' and coded sometimes, often and never.
Statistical approach
First, we compared baseline characteristics of the PI and control cohorts. We provide unweighted sample numbers and weighted proportions generated using the survey weights provided by Statistics Canada. 34 Cox proportional hazard regression was used to estimate the effect of gender and PI status on MI while adjusting for the effects of other covariates. This models the length of time until the occurrence of an event-onset of MI-during the 10-year follow-up. Survival curves for time to first occurrence of MI were obtained with the Kaplan-Meier method. Tests for proportionality and interactions with time were not significant (eg, plotted survival function vs log-log survival function; tests for interactions of each variable with time). Data publication guidelines of Statistics Canada were followed throughout the analysis. SAS V.9.2 (SAS Institute, Cary, North Carolina, USA) was used for data manipulation and statistical analysis. Table 1 shows the distribution of the sample by covariates. The PI cohort had an equal gender distribution; there were slightly more men than women in the control cohort (54.4%). More respondents in the PI cohort reported no high school diploma (25.4%) relative to those in the control group (12.7%). Twice as many respondents in the PI cohort (8.7%) reported income Overall, the prevalence of usage of health services for MI in the sample was 44.6% (41.9% in the controls and 50.2% in the PI cohort; p=0.001). Half (49.7%) the people in the control cohort reported having used medical services for a MH problem and PI at follow-up. Table 2 shows the percentage/number of respondents in each cohort that subsequently used medical services for MI by the end of the 10-year follow-up period (columns 2/3). More men and women in the PI cohort used services for a subsequent mental illness than their counterpart controls (women: 55.6% vs 48.1%; men: 44.7% vs 36.7%, respectively; p=0.0001). The relative risk (RR) of usage among women in the PI group relative to women controls was 1.16. The RR for men was 1.22. Respondents in the PI cohort consistently reported higher usage for MI than controls across all risk factors with at least a 10% or greater difference for several variables, including age, education, income, stress, disability and rural location.
RESULTS
The median onset of MI usage for the entire sample was 39.3 months. There was a modest difference in median onset of usage of medical services for MI between the PI (36.7 months or 3.05 years) and control (40.9 months or 3.41 years; p=0.0059) cohorts. For men with PI, the median time to onset of usage for MI was 40.3 versus 45.6 months (3.4 years and 3.8 years, respectively; p=0.0059) among controls. For women in the PI cohort, the median time to event was 33.9 versus 37.5 months among controls (2.8 and 3.1 years, respectively; p=0.0172).
Based on bivariate logistic regressions (not shown), women were 1.45 times more likely to use medical services for MI compared with men (HR=1.45, CI 1.35 to 1.55). Respondents with a pre-existing PI were 1.32 times more likely to use medical services for MI (HR=1.32, CI 1.23 to 1.42). Table 2 shows the adjusted HRs. Female (HR=1.28, CI 1.19 to 1.37) and preexisting PI (HR=1.14, CI 1.05 to 1.23) remain statistically significant after adjusting for other risk factors.
To further explore gender differences in risk of onset of usage of medical services for MI, we examined the adjusted probability of onset of the event by gender and cohort. As figure 1 shows, the probability of onset of usage of medical services for MI differed across the groups. While risk increased over time for all groups, women with PI were at greatest risk of onset of usage of medical services for MI, followed by women controls, men with PI and men controls. We also tested for an interaction between gender and PI status which was not significant (HR=0.99, CI 0.85 to 1.13).
We conducted condition-specific cohort analyses to test if gender differences were masked by combining the physical illnesses. The gender by condition-specific cohort interactions were not significant (data not shown). The p values ranged from 0.31 for COPD to 0.96 for diabetes. In table 3, we present the HRs for the adjusted main effects models showing the HRs and p values for female and cohort by each physical illness condition. The HRs for females were highly similar across the health conditions and to the combined HR shown in table 2 (HR=1.28). The condition-specific cohort HRs were also very similar to the combined HR (HR=1.14) in We also conducted age-stratified analyses to determine if the gender effect was similar across age categories. We found that the gender differences were very similar across the younger age groups (18-29, 30-39, 4-49, 50-59) with HRs ranging from 1.26 to 1.39. These are also similar to the HRs for females, shown in table 2 (HR=1.28). The gender difference was smaller and not statistically significant in the oldest age group (60-75 years).
DISCUSSION
The purpose of this study was two-fold: to examine whether people with chronic PI were more likely to begin using medical services for MI over a 10-year period; and, to examine if men and women with/without chronic PI have similar onset of usage of medical services for MI. Pre-existing, available, validated cohorts were used for all illnesses to ensure accuracy of diagnoses. At the end of the follow-up period, the overall prevalence of medical service usage for MI was 44.6% (controls: 41.9%; PI cohort: 50.2%).
The finding that PI was associated with greater risk of onset of usage of medical services for MI replicates earlier studies. 35 36 In fact, we found that within the PI cohort, the onset of medical service usage for MI was 10% higher among women. Women with PI also experienced slightly faster onset of medical service usage for MI than men with PI, about 6.4 months earlier. This suggests that within a 3-year window (sample median of 39.3 months), women use mental health services 6 months earlier than men. A recent study examined onset of PI among men and women with MI and found that women developed PI about one year earlier than their male counterparts. 22 There are several potential implications of the gender difference in onset in medical service usage. If women begin to use services for mental illness 6 months earlier than men, this could be positive suggesting that women seek help earlier which could lead to better mental health outcomes; and, it might be perceived as negative for men who defer care for a number of months. Alternatively, it could mean that symptoms are worse among women, hence the reason they seek care earlier than men.
With further respect to gender differences, women were at greater risk of earlier onset of medical service usage for MI than men after adjusting for covariates in the survival model. This gender difference is reflected in previous research. 7 19 Risk of onset of usage of health services for MI over the 10-year period differed by gender-cohort groups. Women with PI were at greatest risk of usage of health services for MI, followed by women without PI. The next group most at risk was men with PI followed by men without PI. A previous study found that women with chronic somatic disease were at greater risk of developing a mental disorder than men. 7 We also found that the gender difference in onset of mental health usage was similar for the younger age categories and was smaller and non-significant for older adults (60-75 years). This difference in help-seeking behaviour between older and younger adults seems to have some support in the literature. For example, MacKenzie et al 37 examined attitudes in help-seeking and found that older adults had more positive attitudes towards help-seeking than young people.
Available research is not clear on the gendered nature of the relationship between PI and MI or on the nature of the onset of usage of medical services for MI. This study is unique, exploring onset of mental health service usage among those with and without physical illness who were also free of previous mental illness at the study start date. While one study found a higher 20 others have shown that women who live with PI are at greater risk of MI. 8 19 Part of the lack of clarity in the field is that studies use different definitions of PI and MI, and use different data sources (eg, survey vs administrative data; self-report vs medical records).
Limitations
The high prevalence of medical service usage for MI in this sample may reflect our definition of usage, which is broader in scope than specific diagnoses like depression or anxiety disorder. Our definition is based on a chart validation study of the specific medical data examined in this study. 29 The nature of the data limited our ability to examine specific mental health disorders. For example, the Ontario physician fee code structure allows flexibility with respect to what fee code a physician can use for a mental health visit. This can result in a single diagnoses (eg, depression) being assigned to different fee codes. Our results are interpreted with this in mind.
Research suggests that the true prevalence of PI may be underestimated in self-reported survey data, 38 however, the CCHS sample is representative of the Canadian population. The study and its findings are restricted to respondents in Ontario and, therefore, are only generalisable to the Ontario population. We restricted our analyses to definitions of PI diagnoses and MI usage from validated registries. Future research might consider other chronic conditions to understand gender differences in onset of usage of medical services for MI, with the latter clearly defined with respect to diagnoses.
Ethnicity is a complicating factor in this field of research. Under-sampling of ethnic groups in the CCHS limited our ability to explore MI by ethnic groupings, as we were only able to look at White versus others and 10-year-recent immigrants. This area of research would benefit from analyses that explore gender differences among those with and without PI by ethnicity.
In the administrative data, the physician fee codes do not capture alternate payment plans. As a result, physicians in community health centres are absent from the data, but non-fee-for-service usage represents a small minority of primary care visits and very few specialists visits (less than 6%). 39 It is possible that increased access to a physician to treat a chronic physical health condition (eg, who have regular contact with their family doctor) may afford a person increased opportunities to consult on comorbid health conditions like MI. If this were the case, then higher usage of medical services for MI might reflect different consulting patterns between the PI and control groups rather than the impact of PI itself. While this is possible, we know that the control group itself is not entirely free of chronic illness (even though we adjust for multiple health comorbidities using ACGs/RUBs and restriction of activities). Additional research is necessary to untangle the relationship between PI and usage of services for MI.
CONCLUSIONS
Understanding pathways from PI to MI medical service usage is important for health interventions. For example, Goldberg 40 highlights three ways that chronic PI can lead to depression. First, people with multiple pains associated with PI are at higher risk for depression. For example, Dworkin et al 15 found that primary care patients with a single pain were not at increased risk, but those with three or more were five times more likely to experience depression. Pain itself can cause emotional distress and poor sleep. 16 Moreover, the frequent report of pain might itself be a signal for depression. Second, adults with PI may develop a disability which can bring on depression for those who were healthy before onset of the PI. 17 Third, physical changes associated with some diseases can increase the allostatic load on the patient and heighten risk of depression. 18 In fact, Verhaak et al 7 suggest that the negative characteristics of the disease throughout its life course, whether progressive or episodic, and other stressful consequences, such as reduced physical abilities, pain, changes in physical appearance, can be strong contributors to developing mental illness. Disability related to chronic illnesses like COPD can include fatigue, shortness of breath, pain, and reduced ability to function normally, and can affect mental health. With this in mind, it is reasonable to assume that the mechanisms that explain the association between chronic disease and mental illness will differ by the type of illness; an important consideration for clinicians helping their patients adapt to the changes brought on by chronic illness.
While studies have found that 'prolonged episode' and 'increased incidence' heighten major depression in people who have medical conditions, we lack knowledge of these pathways in relation to gendered experiences of illness. Further research with an eye to gender analysis and focus on onset of mental illness in cohorts with and without chronic health problems is necessary to understand the types of disparities and inequalities that individuals experience, and to guide health system changes surrounding healthcare quality, delivery and public health policy.
What is already known?
▸ Women, by contrast with men, are more likely to seek medical services for mental illness. ▸ People with a pre-existing chronic physical illness are more likely to use medical services for mental illness. ▸ Current evidence on gender differences in onset of usage of medical services for mental illness for those with and without physical illness is not definitive.
What this study adds?
▸ Findings from this study suggest that women with physical illness were at greatest risk of using medical services for mental illness followed by women without physical illness, men with physical illness and men without physical illness. ▸ Within any 3-year window, women with physical illness used medical services for mental illness 6.4 months earlier than men. 
